ABSTRACT Objective: We sought to establish the performance of cell-bound complement activation products (CB-CAPs) as a diagnostic tool to distinguish primary fibromyalgia (FM) from systemic lupus erythematosus (SLE).
INTRODUCTION
Systemic lupus erythematosus (SLE) remains the prototypical autoimmune systemic disease in which hyperactivity of the immune system and production of autoantibodies lead to a variety of symptoms including chronic pain, arthralgia, fatigue, morning stiffness and, most importantly, damage in key organs including the kidney and central nervous system. 1 Because SLE is a serious chronic condition associated with significant mortality and burden to the healthcare system, early diagnosis and initiation of appropriate therapy (eg, immunosuppressants, antimalarials and corticosteroids) is important. 2 However, many patients with SLE present with symptoms that are non-specific, do not fulfil formal classification criteria of the disease (eg, American College of Rheumatology (ACR) criteria) 3 and thus may remain undiagnosed for a prolonged time.
This challenge in correctly identifying and diagnosing SLE is further complicated by the low prevalence of the disease (∼1/1000 in the USA) in comparison with other more prevalent rheumatic disorders whose symptoms mimic those of SLE 4 5 such as rheumatoid arthritis, and primary fibromyalgia (FM). 6 In particular, SLE can sometimes be difficult to identify and differentiate from FM, because the prevalence of FM is at least 10-fold greater than that of SLE, and most symptomatic patients (eg, with chronic widespread pain) are initially evaluated by primary care physicians who lack expertise in diagnosing the disease. 7 Moreover, FM is a non-inflammatory pain syndrome, 8 9 whereas SLE is a systemic inflammatory illness and thus there a significant treatment and prognostic differences between those two conditions.
Traditionally, clinicians distinguish SLE from other illnesses by a combination of clinical history, demographic, age at disease onset together with examination and the
KEY MESSAGES
▸ CB-CAPS in MAAA can distinguish SLE from primary fibromyalgia with 100% specificity. ▸ CB-CAPS are sensitive and specific for SLE.
determination of laboratory tests that include antinuclear antibody (ANA) among other SLE-specific autoantibodies. ANA is a sensitive test for SLE, and more than 95% of SLE are ANA positive during the course of their disease. 10 However, about 14% of the general population is also ANA positive, 11 and 15%-25% of patients with FM have been reported to be positive for ANA. 12 13 It follows that the risk of misdiagnosing SLE could be significant, as the vast majority of patients presenting with symptoms mimicking SLE will turn out to have FM and not SLE, even if the ANA test is positive. Other diagnostic tests such as anti-double-stranded DNA (anti-dsDNA) and anti-Smith (anti-Sm) can be helpful in diagnosing SLE, but their utility is limited by their poor sensitivity.
The value of cell-bound complement activation products (CB-CAPs, including C4d deposited on erythrocytes (EC4d) and B-lymphocytes (BC4d) in the differential diagnosis of SLE compared with other autoimmune rheumatic diseases) has been established previously. [14] [15] [16] [17] We recently combined these CB-CAP biomarkers with standard rheumatic disease autoantibodies into a multi-analyte assay with algorithm (MAAA). The CB-CAPs in MAAA have demonstrated improved sensitivity compared with anti-DNA antibodies and low serum levels of C3 and C4 for the diagnosis of SLE. 18 In the present study, our objective was to analyse the utility of CB-CAPs in MAAA in differentiating SLE from FM.
METHODS
Two rheumatology practices in the Los Angeles (California, USA) area participated in the enrolment of consecutive adult patients with SLE (who fulfilled the 1982 ACR classification criteria (revised in 1987) for SLE 10 or the 2012 Systemic Lupus International Clinic criteria 19 ) , and consecutive adult patients with FM who fulfilled the 1990 ACR criteria). 20 Patients with SLE having diagnosed FM were excluded. The study was approved by central institutional review boards and all subjects provided informed consent. Patients were compensated for their participation. At time of the study visit, patient-centred outcomes (PCOs) consisting of the Lupus Impact Tracker (LIT) 21 and Revised Fibromyalgia Impact Questionnaire (FIQ) 22 were collected for all subjects. Among patients with SLE, disease activity was determined using the SELENA-SLEDAI. 23 In order to minimise potential bias during patient data collection, the LIT was renamed as Impact tracker, while the FIQ was renamed as Impact questionnaire on case report forms.
Blood was collected in EDTA-containing tubes and serum separator tubes and specimens were shipped overnight to our reference laboratory accredited by the College of American Pathologists and located in Vista, California, USA. ANA was determined by indirect immunofluorescence (IIF) using a Hep-2 substrate and digital scanning on the NOVA view instrument (Inova Diagnostics, San Diego, California, USA). 24 The cut-off for ANA positivity was set at a titre greater than 1:40. ANA was also determined using ELISA (Quantalyte, Inova Diagnostics). Other autoantibodies including anti-dsDNA, anti-Sm, anti-mutated citrullinated vimentin (anti-MCV), anti-SS-B, anti-Centromere (CENP), anti-Jo-1 and anti-Scl70 were determined as described.
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EC4d and BC4d levels were determined by quantitative flow cytometry (and expressed as net mean fluorescence intensity (MFI)) using a laboratory-developed test validated in our clinical laboratory. 15 All clinical laboratory testing personnel were blinded to patient diagnosis throughout the study duration and all study specimen were processed on the day of receipt with the daily clinical laboratory workload. Serum complement C3 and C4 levels were determined by standard immunoturbidimetry assay (The Binding Site, San Diego, California, USA) and the cut-offs provided by the manufacturer were used for reduced complement level.
The CB-CAPs in MAAA was calculated as per the standard operating procedures in our clinical laboratory and currently approved by the clinical evaluation programme from New York Department of Health. The performance characteristics of the CB-CAPs in MAAA have been described in detail elsewhere. 18 Briefly, our diagnostic immunology method relies on two consecutive tiers of analysis. In the first tier, positivity for any of anti-dsDNA (>301 units confirmed using the Crithidia Luciliae IIF assay), anti-Sm (>10 Units), elevated EC4d (>75 net MFI) or BC4d (>200 net MFI) are associated with a positive test result. All subjects negative in tier 1 are further evaluated in a second tier of analysis (tier 2) that consists of an index score (calculated as an output of multivariate logistic regression) combining an ANA component (using ANA cut-offs at 20 and 60 units, as determined by ELISA), a CB-CAP component (sum of log normalised EC4d and BC4d net MFI) and an antibody specificity component (corresponding to positivity to either anti-MCV, anti-SS-B, anti-CENP, anti-Scl-70 or anti-Jo-1). Positivity for the tier 2 index score is associated with a positive test result. For each patient specimen, an overall CB-CAPs in MAAA test result that consists of a positive assessment (tier 1 positive or tier 2 index score positive), a negative assessment (tier 2 index score negative), an indeterminate assessment (if the tier2 index score ranges from −0.1 to 0.1) or an equivocal assessment (if certain criteria around cut-offs in the index score are not met) is produced. Altogether, the overall sensitivity for SLE and specificity in distinguishing SLE from other diseases has been established at 80% and 86%, respectively. 18 Statistical analysis consisted of the determination of test sensitivity and specificity. Positive likelihood ratio (LR) for SLE was expressed as the probability of a SLE subject to test positive for the CB-CAPs in MAAA divided by the probability of a FM subject to also test positive (sensitivity/1-specificity). Conversely, the negative LR was expressed as the probability of a SLE subject to test negative divided by the probability of a FM subject to also test negative (1-sensitivity/specificity). Post-test probability for SLE or FM was calculated at various pretest probabilities using Bayesian principles. 25 LR greater than 10 (or conversely lower than 0.1) were interpreted as strong, LR ranging from 5 to 10 (or conversely ranging from 0.2 to 0.1) were interpreted as moderate and LR ranging from 2 to 5 (or conversely ranging from 0.2 to 0.5) were interpreted as small. LR ranging from 0.5 to 2.0 were considered as having limited to no diagnostic value. 26 27 For some markers, a specificity of 100% was observed, which makes inference problematic 28 29 and leads to an infinite positive LR. In those cases, an adjusted specificity of >97.5% was estimated, based on the adjusted Wald interval estimation method of Agresti and Coull 30 31 Tests for statistically significant differences between groups were calculated using Student's t test or Fisher's exact test, as appropriate. Correlations were evaluated using Pearson's product-moment coefficient. CIs for proportions were calculated using a normal approximation interval.
RESULTS
From July 2014 to January 2015 a total of 150 consecutive subjects including 75 SLE (88% women) and 75 FM (96% women) were enrolled in the study. All SLE subjects enrolled met both the 1982 ACR and 2012 Systemic Lupus Collaborating Clinic (SLICC) criteria. Patients' demographics are presented in table 1. Online supplementary tables S1 and S2 provide the characteristics of the ACR and SLICC criteria for the SLE subjects. There was a higher percentage of African Americans with SLE than with FM as might be expected from this urban population. Patients with SLE were significantly younger than patients with FM. Patients with FM presented with worse functional status than SLE as determined by PCO (LIT and FIQ) collected in this study. Among SLE, the mean SELENA-SLEDAI was 6.3±3.0 (SD) (online supplementary table S3).
ANA as determined by IIF (>1:40 titre) yielded 80% positives for SLE and 33% positives for FM ( positive LR=2.4, CI 95% 1.7 to 3.4; negative LR=0.30, CI 95% 0.19 to 0.48). While the percentage of ANA-positive SLE was relatively low, all patients with SLE enrolled fulfilled the immunological ANA criteria from SLICC and ACR classification criteria and thus had a past history of ANA positivity. ANA (as determined by solid-phase ELISA) was positive (≥20 units/mL) in 83% of SLE and 28% of FM at the time of the study visit ( positive LR=3.0, CI 95% 2.0 to 4.3; negative LR=0.24, CI 95% 0.14 to 0.40). Altogether, a total of 55 SLE (73%) were positive for ANA by both solid-phase assay and IIF, while 14 FM were positive for ANA by both solid phase and IIF (19%). ( positive LR=4.0, CI 95% 2.4 to 6.0; negative LR=0.33, CI 95% 0.22 to 0.48). A total of 67 of the SLE (89%) were positive for at least one of the two methodologies, while 32 of the FM (43%) were positive for ANA by at least one of the methodologies ( positive LR=2.0, CI 95% 1.6 to 3.0; negative LR=0.19, CI 95% 0.09 to 0.37).
Patients with SLE presented with significantly higher EC4d levels (13.6±2.4 net MFI, n=75, average±SEM) than those with FM (5.5±0.4 net MFI, n=75, average ±SEM) ( p<0.01). Sensitivity and specificity for EC4d>14 net MFI was 24% and 96%, respectively ( positive LR=6.0, CI 95% 1.8 to 19.5; negative LR=0.79, CI 95% 0.69 to 0.91). Similarly, BC4d levels were higher in SLE than in FM (96.9±32.0 (n=72) vs 14.2±0.7 net MFI (n=75), p<0.001). For three patients with SLE, BC4d was not measurable (<200 cell events (CD19+) collected on the flow cytometer) because B-cell depleting therapy (rituximab) was administered to these subjects. Sensitivity and specificity for BC4d>60 net MFI was 33% and 100%, respectively ( positive LR >13, CI 95% 3.1 to 57; negative LR=0.67, CI 95% 0.57 to 0.78).
As presented in table 2, low C3/C4 (C3<81 mg/dL and/or C4 <13 mg/dL) was observed in 23% of patients with SLE compared with 1% of patients with FM, while high CB-CAPs (EC4d>14 net MFI or BC4d>60 net MFI) were detected in 43% of patients with SLE compared with 4% of patients with FM. Positivity for anti-dsDNA as confirmed by the Crithidia Luciliae indirect IIF was low in this SLE cohort (17%; all ANA positive) but was 100% specific (one patient with FM presented with reactivity to dsDNA by ELISA which was not confirmed by IIF). All other autoantibodies measured (anti-MCV, anti-SS-B, anti-Jo-1, anti-Scl-70, anti-Sm, anti-CENP) were negative in the group of patients with FM with the exception of one subject positive for anti-CENP. Conversely, among SLE, six of them were positive for anti-Sm (8%), six were positive for anti-SS-B (8%), three were positive for anti-CENP (4%) and two were positive for anti-MCV (>70 units; 3%). EC4d levels were associated with the SELENA-SLEDAI (r=0.321; p=0.005). BC4d levels did not correlate with disease activity (r=0.099; p=0.410).
The overall assessment for the CB-CAPs in MAAA was evaluable in 138 of the 150 subjects enrolled (92%). For 12 subjects the overall assessment was indeterminate (five subjects: four SLE and one FM), equivocal (five subjects: four SLE and one FM) or non-evaluable because of low B-cell events (two SLE) as described above. As presented in table 2, the CB-CAPs in MAAA yielded a positive test results for 60% of patients with SLE, while all FM subjects tested negative. Because the proportion of ANA-negative subjects (as determined by IIF using a cut-off for positivity ≥1:40) was significant in this population of SLE subjects (20%), we also stratified the performances by ANA status. The analysis revealed that the CB-CAPs in MAAA yielded 73% positive among ANA-positive SLE versus 14% among ANA-negative SLE subjects. Similarly, higher sensitivity was observed for low complement and high CB-CAPs in ANA-positive compared with ANA-negative SLE subjects. Table 3 highlights positive and negative LRs for SLE for the CB-CAPs in MAAA and other diagnostic measures. A positive CB-CAPs in MAAA test result was associated with a strong positive LR (>24.0). As such, a positive test result was observed greater than 24 times more frequently in subjects with SLE than in those with FM. Overall, the CB-CAPs in MAAA yielded greater positive LR than traditional low complement (LR=17), high CB-CAPS (LR=11) and anti-dsDNA (LR >6.9). When the analysis was stratified by ANA status, low complement and high CB-CAPs resulted in lower positive LR among ANA-negative subjects (LR=3.3, in both cases) when compared with ANA-positive subjects (LR >10.7). However, the CB-CAPs in MAAA yielded positive LR greater than 5.7 for negative ANA status and greater than 29 for positive ANA status.
Conversely, a negative CB-CAPs in MAAA test result was associated with a moderate negative LR (0.40). Therefore, a negative test results was observed 2.5 times more frequently in subjects with FM than in those with SLE. However, only the CBCAPs in MAAA yielded negative LR lower than 0.5 (moderate LR) when compared with other diagnostic measures. Negative LR stratified by ANA status indicated a good diagnostic value of CB-CAPs in MAAA among ANA-positive patients (negative LR=0.27) in comparison with low complement and anti-dsDNA (LR>0.7). However, none of the diagnostic test presented with negative LR lower than 0.5 among ANA-negative subjects.
Finally, we calculated the post-test probability of SLE (vs FM) at various pretest probabilities by ANA status. As indicated in figure 1 , when the pretest probability of SLE was set at 20%, a positive CB-CAP in MAAA increased the probability of SLE to almost 90% in ANA-positive patients and to about 60% in ANA-negative patients. Overall and consistent with the high positive LR, substantial increase in the post-test probability of SLE (>35%) was observed irrespective of the ANA status when the CB-CAPs in MAAA test result was positive.
DISCUSSION
This study builds on our initial observation that CB-CAPs in MAAA add significant value to accurate ANA was determined using IIF and the cut-off for a positive test result was set as ≥1:40. CIs (95%) are provided. Low complement was defined as C3<81 mg/dL or C4<12.9 mg/dL; high CB-CAPs were defined as EC4d≥14 net MFI or BC4d≥60 net MFI.
ANA, antinuclear antibodies; CB-CAP, cell-bound complement activation product; dsDNA, double-stranded DNA; FM, fibromyalgia; IIF, indirect immunofluorescence; MAAA, multi-analyte assay with algorithm; MFI, mean fluorescence intensity; NA: not applicable; SLE, systemic lupus erythematosus.
diagnosis of SLE when combined with routinely determined autoantibodies. 18 In the present study, we have established the diagnostic performances of the test in patients with primary FM and SLE. Our results indicate that CB-CAPs in MAAA are highly specific for SLE. The CB-CAPs in MAAA was used unmodified in comparison with the original diagnostic methodology previously described and the present data therefore provide a prospective validation of our diagnostic test.
Because SLE is far less prevalent than FM, the vast majority of patients presenting with non-specific muscular, articular and constitutional symptoms will have FM and not SLE. 32 Many clinicians rely on ANA testing to identify SLE but the ANA test has severe limitations including a significant number of false-positives. While these limitations are recognised by rheumatologists, many primary care physicians may be unaware of these drawbacks and inappropriate referral of ANA-positive patients can follow the initial clinical assessment. Because of its high specificity, the CB-CAPs in MAAA could potentially facilitate the appropriate referral of true patients with SLE to the rheumatologist.
A significant proportion of SLE subjects enrolled in this study were testing ANA negative and these data are consistent with previous observations in patients with established and treated disease. 33 34 This relatively high incidence of ANA-negative subjects in this SLE cohort was also consistent with the lower incidence of positivity to anti-dsDNA (17%) reduced low complement C3/C4 (23%), and elevated CB-CAPs (43%) in comparison with our previous population of patients with SLE. 18 This probably explains why the overall sensitivity was 60% in this cohort in comparison with the 80% ANA was determined using IIF and the cut-off for a positive test result was set at ≥1:40. Positive LR is calculated as sensitivity/(1-specificity). Negative LR is calculated as 1-sensitivity/ (specificity). CIs (95%) are provided.
ANA, antinuclear antibodies; CB-CAP, cell bound complement activation product; dsDNA, double-stranded DNA; IIF, indirect immunofluorescence; LR, likelihood ratio; FM, fibromyalgia; MAAA, multi-analyte assay with algorithm; NA, not applicable: none of the patients ANA negative were anti-dsDNA-positive; SLE, systemic lupus erythematosus. Figure 1 Post-test probabilities of systemic lupus erythematosus (SLE) at different pretest probabilities for a positive and negative cell-bound complement activation products (CB-CAPs) in multi-analyte assay with algorithm (MAAA) test result by antinuclear antibody (ANA) status ( positive, titre ≥1:40; negative titre <1:40). The post-test probability of a positive CB-CAP in MAAA test result was calculated using a sensitivity of 73% among ANA positive and 14% among ANA negative (specificity was set at 97.5%). Specificity of 97.5% was used to calculate the post-test probability of a CB-CAP in MAAA negative test result. Results are presented by ANA positive or negative as determined using indirect immunofluorescence.
sensitivity we have observed previously. In fact, when the analysis was restricted to ANA-positive subjects only, the percentage positivity for the CB-CAPs in MAAA rose to 73%. While the accuracy of a diagnostic result is often reported in terms of sensitivity and specificity, there are several potential drawbacks with this approach as busy clinicians tend to overestimate the probability of a disease (and SLE in this case) when the assessment in positive. 35 Another approach to report test results is to use positive predictive values and negative predictive values, but these estimates are highly dependent on the prevalence of the disease and can be also misleading. Here we have reported our results as positive and negative LRs, which are only dependent on sensitivity and specificity while independent of disease prevalence. 35 Moreover, LR have the attractive feature of allowing the ordering physician to derive a post-test probability of disease as a function of the patient-specific pretest probability. The application of these Bayesian principles to the differential diagnosis of SLE versus FM revealed that a positive CB-CAPs in MAAA test resulted in a positive LR of greater than 24, thereby indicating that people with SLE are greater than 24 times more likely to test positive compared with FM. This high positive LR translated into a large impact as indicated by an almost 70% increase in the probability of SLE versus FM ( post-test probability, when starting with a pretest probability of 20%). Conversely, the negative LR was 0.4 for the CB-CAPs in MAAA, thereby indicating that patients with FM were 2.5 times (1/0.4) more likely to test negative than those with SLE. We also analysed the results by stratifying the LRs by ANA status. Our analysis revealed that among ANA-negative subjects the impact of a negative CB-CAPs in MAAA test results had limited impact on post-test probability (eg, negative LR=0.86), as did the other measures (eg, low complement, table 3), while a negative test result lowered the post-test probability significantly among ANA-positive subjects. Conversely, a positive CB-CAP test results had strong impact on post-test probability irrespective of the ANA status. A potential limitation of the study is the enrolment of patients with long disease duration and it will be important to establish the performance of the test in the setting of pre-lupus. Also, the majority of subjects enrolled were Caucasian and the generalisability of the findings to African American populations will need to be evaluated. Our test has been available to rheumatologists since 2012 (in the USA only) and nearly 70 000 CB-CAPs have been determined in our clinical laboratory. We believe that this practical tool with enhanced performances compared with traditional complement measure (C3/C4) can help establish a diagnosis for SLE. Moreover it is a practical measure of complement activation as blood specimen can be shipped overnight from the physician office to the laboratory. In summary, our data indicate that the CB-CAPs in MAAA test has utility in differentiating SLE from FM, and the value of the test is particularly significant among subjects that are ANA positive. The measurement of CB-CAPs in MAAA could facilitate the appropriate referral of symptomatic patients with a positive ANA to the rheumatologist, and thus help initiate appropriate course of treatment.
